A METHOD FOR FABRICATING A GATE MASK OF A SEMICONDUCTOR DEVICE 
Background of the Invention 

1. Field of the Invention 

The present invention relates to a method for fabricating 
a gate mask of a semiconductor device, and particularly to a method 
for fabricating a gate mask of a semiconductor device that is 
configured to form a polysilicon layer or an amorphous silicon 
layer on a silicon substrate and to be doped into such a layer 
with an impurity. 

2. Description of the Related Art 

A semiconductor device that is configured to form a 
polysilicon layer or an amorphous silicon layer on a silicon 
substrate and to be doped into such a layer with an impurity has 
been employed in the prior art . An example of a process for forming 
such semiconductor devices will be described hereinafter. 

Firstly, a gate insulator layer is deposited on a silicon 
substrate, and a polysilicon layer or an amorphous silicon layer 
is deposited thereon. The following description will be made 
hereinafter based on the assumption that the polysilicon layer 
is employed. 

Next, a PMOS section and an NMOS section are formed on the 
polysilicon layer by the following procedure as an example. 

A mask is firstly formed by a photoresist material on the 
polysilicon layer to cover a region which is not used for the PMOS 
section, so that a region used for the PMOS section is exposed. 
Then, such an exposed region, i . e . a region used for the PMOS section . 
is doped with Group III impurities such as boron by means of ion 
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implantation. The mask is then removed. Accordingly, the PMOS 
section is formed on the polysilicon layer. 

Another mask is then formed by a photoresist material on 
the polysilicon layer to cover a region which is not used for the 
NMOS section, so that a region used for the NMOS section is exposed. 
Then, such an exposed region , i.e. a region used for the NMOS section , 
is doped with Group V impurities such as phosphorus by means of 
ion implantation . The mask is then removed in turn . Accordingly , 
the NMOS section is formed on the polysilicon layer. It should 
be noted that a forming sequence of the PMOS section and the NMOS 
section is arbitrarily determined depending on the structure of 
the semiconductor device - 

A heat treatment is then made in order to activate impurity 
ions which were doped. An oxide film which is formed over the 
polysilicon layer during the heat treatment is required to be 
removed . 

A tungsten silicide (WSix) layer is then deposited on the 
polysilicon layer when necessary, thereafter, a nitride layer is 
deposited thereon . 

The nitride layer is then fabricated into an arbitrary pattern . 
Thereafter, a region of the tungsten silicide layer and the 
polysilicon layer which is not covered by the nitride layer is 
removed by etching. 

In the aforementioned method, a gate structure of the 
semiconductor device is formed with an arbitrary pattern. 

In the aforementioned fabrication process, the deposition 
process of the nitride layer is normally carried out at a temperature 
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of 750 deg. C. Because of a subsequent heat treatment for the 
activation of the source and the drain, some hydrogen atoms which 
remain in the nitride layer penetrate the tungsten silicide layer, 
and then diffuse into the polysilicon layer. These hydrogen atoms 
which have diffused in the polysilicon layer can affect the Group 
III impurities such as boron which was doped in the polysilicon 
layer. Specifically, the hydrogen atoms result in a acceleration 
of the diffusion rate of the Group III impurities. As a result, 
the Group III impurities may diffuse until they reach the gate 
insulator layer, and may penetrate the polysilicon layer. For 
this reason, the threshold voltages Vt vary greatly from device 
to device when the semiconductor devices are configured to form 
the polysilicon layer or the amorphous silicon layer which is doped 
with Group III impurities, in the vicinity of the nitride layer. 
Consequently, the semiconductor devices pose a reliability problem 
when the polysilicon layer or the amorphous silicon layer is formed 
in the vicinity of the nitride layer and doped with Group III 
impurities. Such a problem is frequently seen in semiconductor 
devices such as CMOS devices, in particular, in dual gate CMOS 
devices . 

With regard to the fabrication method of the semiconductor 
devices, a number of techniques to control the amount of hydrogen 
are disclosed. 

For example, a deposition technique using a gas which does 
not contain hydrogen bond is disclosed ( reference is , for example, 
made to Japanese Patent Laid-open No. 5-29301). 

Alternatively, a technique for the deposition of the nitride 
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layer by controlling a flow rate ratio of NH3 to SiH4 and a flow 
rate ratio of N2 to SiH4 in the range of 2 - lOandlS - 17, respectively, 
is disclosed (references are, for example, made to Japanese Patent 
Laid-open No. 5 - 2 9 30 1 and Japanese Pat ent Laid- open No . 5-171443). 

According to the technique disclosed in Japanese Patent 
Laid-open No. 5-29301, an example which uses a N2 gas for the 
deposition of the insulator layer ( the nitride layer) is described. 
Such example described in the above patent document , however , poses 
a problem of low deposition rate in the nitride layer formation, 
since N2 is hardly decomposed. Moreover , processing of N2 requires 
not only the use of technologies such as plasma, but also a process 
condition at an ultra-high temperature that is 800 deg. C or more. 
For this reason, it is necessary that the fabrication unit of the 
semiconductor device satisfies processing conditions requiring 
a mechanism to generate plasma and maintaining ultra-high 
temperature. Consequently, the fabrication unit of the 
semiconductor device according to the technique disclosed in 
Japanese Patent Laid-open No. 5-29301 pose a problem requiring 
a complicated fabrication unit. 

According to the technique disclosed in Japanese Patent 
Laid-open No. 5-171443, a nitride silicon layer having fewer 
dangling bonds is obtained by increasing the amount of hydrogen 
in the gas phase so as to bind hydrogen atoms with the dangling 
bonds of silicon atoms and nitrogen atoms. However, according 
to the disclosed technique in Japanese Patent Laid-open No. 
5-171443, the diffusion of hydrogen atoms from the nitride layer 
into the polysilicon layer or the amorphous silicon layer is not 
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taken into account . In the disclosed technique In Japanese Patent 
Laid-open No. 5-171443, a diffusion rate of Group III Impurities 
such as boron Is, therefore. Increased by hydrogen which has 
diffused in the polysllicon layer or the amorphous silicon layer, 
thus the impurities may diffuse until they reach the gate Insulator 
layer and may penetrate the polysllicon layer. As a result, the 
threshold voltages Vt of the semiconductor devices vary greatly 
from device to device when the polysllicon layer or the amorphous 
silicon layer is formed in the vicinity of the nitride layer and 
is doped with Group III impurities. Consequently, the 
semiconductor devices result in low reliability when the 
polysllicon layer or the amorphous silicon layer is formed in the 
vicinity of the nitride layer and is doped with Group III impurities . 

3. Object and Advantage of the Invention 

Accordingly, it is an object of the present invention to 
provide a fabrication method of a semiconductor device with 
Improved reliability by reducing the amount of hydrogen atoms 
remaining in the nitride layer so that each threshold voltage Vt 
of the fabricated semiconductor device does not deviate with 
respect to each device, wherein the semiconductor devices are 
configured to form the polysllicon layer or the amorphous silicon 
layer, which is doped with Group III impurities, in the vicinity 
of the nitride layer. 

4. Summary of the Invention 

In order to solve the aforementioned problems, a method for 
fabricating a gate mask of a semiconductor device according to 
one feature of the present invention is characterized in that a 
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nitride layer of the gate mask for the semiconductor device is 
deposited at a temperature over 750 deg. C so as to release hydrogen 
from the nitride layer. Accordingly, hydrogen can be released 
from the nitride layer, thereby the amount of hydrogen atoms 
remaining in the nitride layer can be reduced. 

A method for fabricating a gate mask of a semiconductor device 
according to another feature of the present invention is 
characterized in that a nitride layer of the gate mask for the 
semiconductor device is deposited in a gas atmosphere of an ammonia 
gas and a silane gas such that a flow rate of the ammonia gas is 
set at twenty times or more than the flow rate of the silane gas. 
That is, a nitride layer is deposited by using a feed gas which 
contains less hydrogen, thereby the amount of hydrogen atoms 
remaining in the nitride layer can be reduced. 

5. Brief Description of the Drawings 

Figures lA-lD are process drawings showing a fabrication 
method in the first embodiment; 

Figure 2 is a graph showing a bonding state of hydrogen; 

Figures 3A-3D are process drawings showing a fabrication 
method in the second embodiment; and 

Figure 4 is a graph showing a bonding state of hydrogen. 

Figure 5 is a graph showing a absorbance of lights in the 
cases where the flow rate ratio is changed. 

6. Detailed Description of the Invention 

Embodiments of the present invention will be described 
hereinafter with reference to the drawings. It should be noted 
that each of Figures lA-lD and 3A-3D shows device structures 



obtained at each step of the fabrication process for a gate mask 
used for forming a gate electrode of the semiconductor device. 
It should be also noted that configuration, size and arrangement 
of each component shown in Figures lA-lD and Figures 3A-3D are 
schematically illustrated to the extent necessary for 
understanding of the present invention. The same reference 
numeral designates the same component within each drawing in order 
to omit the description. 

In the following embodiments, the nitride layer is formed 
by using an ammonia gas and a silane gas. The ammonia gas is used 
because the ammonia gas has the properties of decomposing easily, 
ease of use, readily reacting and a higher deposition rate in 
depositing the nitride layer. As a result, it is not necessary 
to generate plasma in depositing the nitride layer, thereby the 
semiconductor device can be fabricated by simple facilities. 

Figures lA-lD are process drawings showing a fabrication 
method in a first embodiment. In the first embodiment, a process 
temperature of the nitride layer deposition is set at a temperature 
that releases hydrogen from the nitride layer, when the nitride 
layer is selected as the gate mask used for forming the gate 
electrode of the semiconductor device. Specifically, the nitride 
layer is deposited at a temperature which allows releasing hydrogen 
from the nitride layer. Consequently, the hydrogen atoms can be 
released from the nitride layer into a gas atmosphere, thereby 
the amount of hydrogen atoms remaining in the nitride layer can 
be reduced. A detailed description will be made hereinafter. It 
should be noted that a gate electrode will be sometimes referred 
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to as a gate simply In the following description. 

A temperature for releasing hydrogen from the nitride layer 
should be maintained at least more than 750 deg. C, preferably 
800 deg. C or more, and more preferably about 830 deg. C or more, 
so that a nitride layer 19 can be provided. It should be noted 
that the fabrication unit of the semiconductor device disclosed 
In Japanese Patent Laid-open No. 5-29301 cited above requires a 
mechanism to generate plasma, whereas the fabrication unit of the 
semiconductor device in the first embodiment does not require any 
mechanism to generate plasma. Therefore, the fabrication unit 
of the semiconductor device In the first embodiment permits 
simplification of the fabrication unit as compared with the 
fabrication unit of the semiconductor device disclosed in Japanese 
Patent Laid-open No. 5-29301. 

Firstly, a gate insulator layer 13 is deposited on a silicon 
substrate 11 as shown in Figure lA, thereafter, a polysillcon layer 
or an amorphous silicon layer is deposited thereon. Description 
is hereinafter made based on an assumption that a polysillcon layer 
15 is employed. 

Next, a PMOS section and an NMOS section are formed on the 
polysillcon layer 15 by the following procedure which is shown 
as an example. As mentioned above, it is an object of the present 
invention to solve the problem which arises when a PMOS section 
is doped with Group III impurities such as boron. A region used 
for the NMOS section will not be shown therefore, and a part of 
a region used for the PMOS section will be shown in Figure lA-lD. 
Also, the following description will focus on the region used for 
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the PMOS section, and the region used for the NMOS section will 
be briefly described. 

A mask is firstly formed by a photoresist material on the 
polysilicon layer to cover a region which is not used for the PMOS 
section, , so that a region used for the PMOS section is exposed. 
It should be noted that only a part of the region used for the 
PMOS section is shown in Figure 1, and the region which is not 
used for the PMOS section is not shown in Figures lA-lD which is 
assumed to extend beyond the limit of graphical frame of Figures 
lA- ID . Then , such exposed region designated by an arrow 9 in Figure 
lA, i.e. the region used for the PMOS section, is doped with Group 
III impurities by means of ion implantation. The mask is then 
removed. Accordingly, the PMOS section is formed on the 
polysilicon layer . 

Another mask is then formed by photoresist material on the 
polysilicon layer to cover a region which is not used for the NMOS 
section, so that a region used for the NMOS section is exposed. 
Then, such an exposed region, i.e. the region used for the NMOS 
section, is doped with Group V impurities such as phosphorus by 
means of ion implantation . The mask is then removed . Accordingly , 
the NMOS section is formed on the polysilicon layer. It should 
be noted that a forming sequence of the PMOS section and the NMOS 
section is arbitrarily determined depending on the structure of 
the semiconductor device. 

A heat treatment is then applied to activate the impurity 
ions. An oxide film which is formed over the polysilicon layer 
15 during the heat treatment, is to be removed. 
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A deposition process of the nitride layer used for a gate 
mask will be described hereinafter with reference to Figure IB. 
It should be noted that a region 15A shown in Figure IB denotes 
a region having been doped with impurities. The region ISA will 
be used for the PMOS section since the region is doped with Group 
III impurities. 

When necessary, a layer such as a tungsten silicide (WSix) 
layer 17 is deposited on the polysilicon layer ISA where impurities 
have already been doped as shown in Figure IB. Thereafter, a 
nitride layer 19 used for a gate mask is deposited thereon by means 
of a depressurized Chemical Vapor Deposition ( CVD ) method using 
an ammonia gas (NH3) and a silane gas such as a dichlorosilane 

(DCStSiHzCla) gas. 

Pressure of a deposition gas atmosphere in a deposition 
chamber during the above deposition process should be preferably 
maintained within a range of 0.2-0.4 torr. Moreover, under the 
aforementioned pressure condition, a process temperature for the 
deposition of the nitride layer 19 is set at the temperature which 
allows releasing hydrogen from the nitride layer 19 as described 
above. Specifically, the temperature should be maintained at 
least 750 deg. C or more, preferably 800 deg . C or more, and more 
preferably about 830 deg. C or more- maintaining such process 
temperature allows release of the hydrogen atoms from the nitride 
layer 19 into the gas atmosphere. As a result, the amount of Si-H 
bonds in the nitride layer 19 can be reduced. 

Figure 2 is a graph showing a relationship between the process 
temperature for the deposition of the nitride layer 19 and hydrogen . 
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The graph in Figure 2 is showing a bonding state of hydrogen and 
Si in the nitride layer 19. An abscissa axis and an ordinate axis 
shown in Figure 2 show a wave number in cm"^ and light absorbance, 
respectively. It should be noted that the absorbance is 
nondimensional since it is a relatively defined coefficient. As 
can be seen in Figure 2, as the absorbance value in the ordinate 
axis decrease, the number of bonds between hydrogen and Si in the 
nitride layer 19 decrease. This means a concentration of the 
hydrogen is reduced. 

In figure 2, a dot line, a solid line and a dashed line show 
bonding states between hydrogen and Si, which were measured in 
the nitride layer 19 deposited at process temperatures of 730, 
780 and 830 deg. C, respectively. It should be noted that a 
dichlorosilane gas was used as a silane gas for the deposition, 
and that a flow rate ratio of the ammonia gas to the dichlorosilane 
gas was 10:1. Moreover, an atmospheric pressure of a deposition 
gas in a deposition chamber was 0.15 torr . As can be seen in Figure 
2, all plots representing the deposition temperature at 730, 780 
and 830 deg. C exhibit a trend, that is, the absorbance rises 
abruptly at an area where the wave number exceeds 2120 cm"^, the 
absorbance reaches its peak around the area where the wave number 
is 2 210 cm"^ , and the absorbance abruptly decreases therefrom until 
the wave number reaches around 2290cm"^. It can also be seen in 
Figure 2 that peak values of the absorbance were around 0.00170 
and around 0.00105 when the process temperatures during the 
deposition of the nitride layer 19 were at 730 and 780 deg. C, 
respectively, which however decreases to around 0.00040 when the 
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temperature was 830 deg. C, 

According to the measurement result shown in Figure 2, the 
respective rising gradients are 

(0,00170-0.00020)/{2210-2120)=l. 67x10"^, 

(0. 00105-0. 00015)/(2210-2120)=1. 0 0x10"^, and 
( 0 • 00040-0 . 00005 )/( 2210-2120 ) =0 • 39x10"^ when the corresponding 
process temperatures are 730, 780 and 830 deg. C, respectively, 
within a wave number range between 2120cm'^ and 2210cm"'*^ . Whereas , 
the respective falling gradients are 

(0. 00075-0. 00 170)/(2290-2210)=-l. 19x10"^, 

(0. 00040-0. 00105)/(2290-2210)=-0. 81x10"^, and 
(0. 00015-0. 00040)/(2290-2210) = -0. 31x10"^ when the corresponding 
process temperatures are 730, 780 and 830 deg. C, respectively, 
within a wave number range between 2210cm"^ and 2290cm'^. These 
results show that fewer amounts of hydrogen atoms remain In the 
nitride layer when the rising gradients and the falling gradient 
become moderate. The moderate rising gradient and falling 
gradient demonstrate therefore an Improved reliability of the 
semiconductor device, which Is a preferable result. 

As described above. It can be understood from the measurement 
result In Figure 2 that the number of Sl-H bonds In the nitride 
layer 19 can be reduced by virtue of releasing the hydrogen atoms 
from the nitride layer 19 which can be achieved by Increasing the 
process temperature, preferably by maintaining the temperature 
of around 830 deg. C or more. Consequently, the nitride layer 
19 fabricated at the high process temperature provides a layer 
with a reduced content of the hydrogen compound and with a high 
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purity of Si3N4. 

A patterning process of the gate mask will be described 
hereinafter with reference to the Figure IC. A resist layer 21 
is formed on the nitride layer 19 by means of a photo-etching 
technique so as to be fabricated into an arbitrary pattern as shown 
in Figure IC, Thereafter, the patterning is carried out on the 
nitride layer 19 as a priming layer so as to form the nitride layer 
19a as a gate mask. The resist layer 21 is then removed, thereby 
keeping the nitride layer 19a as the gate mask. 

A patterning process of the gate electrode will be described 
hereinafter with reference to the Figure ID. A region of the 
tungsten silicide layer 17 and the polysilicon layer 15A which 
is not covered by the nitride layer 19a as the gate mask are removed 
by means of etching as shown in Figure ID. 

As a result, a gate electrode 23 is formed as a multi layer 
body, having the tungsten silicide layer 17a and the polysilicon 
layer 15a, both of which are fabricated in an arbitrary pattern. 

As described above, in the first embodiment, the hydrogen 
atoms that were combined or may be combined in the nitride layer 
during the deposition of the nitride layer can be released into 
the gas atmosphere, by depositing the nitride layer at a high 
temperature so as to release the hydrogen from the nitride layer. 
Accordingly, the amount of hydrogen in the nitride layer can be 
reduced. As a result, semiconductor devices having constant 
threshold voltages Vt with respect to each device can be provided. 

In the first embodiment, an ammonia gas is used as one of 
the feed gases for the deposition of the nitride layer. As 
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described above, the ammonia gas has properties of decomposing 
easily, ease of use, readily reacting and a higher deposition rate 
in depositing the nitride layer. As a result, it is not necessary 
to generate plasma in depositing the nitride layer according the 
first embodiment, thereby the semiconductor device can be 
fabricated by simple facilities. 

In addition to using the ammonia gas having a higher 
deposition rate, a process temperature for the deposition of the 
nitride layer is set at a high temperature in the first embodiment . 
As a result, the nitride layer can be deposited at a higher rate 
in the first embodiment, thereby the semiconductor device can be 
fabricated within a short period. 

Figures 3A-3D are process drawings showing a fabrication 
method in a second embodiment. In the second embodiment, an 
ammonia gas and a silane gas are selected as feed gases for forming 
the nitride layer, and furthermore, the flow rate of the ammonia 
gas is set at twenty times or higher as compared to the silane 
gas, when the nitride layer is selected as the gate mask used for 
forming the gate electrode of the semiconductor device . A detailed 
description will be made hereinafter. It should be noted that 
since the nitride layer 19 exhibits the following measurement 
results, the flow rate of the ammonia gas is set at twenty times 
or greater than the flow rate of the silane gas. 

Each step in a fabrication procedure in the second embodiment 
is substantially similar to that of the first embodiment. 

Firstly, a gate insulator layer 13 is deposited on a silicon 
substrate 11 as shown in Figure 3A, and a polysilicon layer or 
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an amorphous silicon layer is deposited thereon. Description is 
hereinafter made based on an assumption that the polysilicon layer 
15 is employed. 

Next, a PMOS section and an NMOS section are formed on the 
polysilicon layer 15 by the following procedure which is shown 
as an example. It is an object of the present invention to solve 
a problem which arises when a PMOS section is doped with Group 
III impurities such as boron. A region used for the NMOS section 
will not be shown therefore, and only a part of a region used for 
the PMOS section will be illustrated in Figure 3, Also, the 
following description will f ocuse on the region used for the PMOS 
section, and the region used for the NMOS section will be briefly 
described . 

A mask is firstly formed by photoresist material on the 
polysilicon layer to cover a region which is not used for the PMOS 
section, so that a region used for the PMOS section is exposed. 
It should be noted that only a part of the region used for the 
PMOS section is shown in Figures 3A-3D, and an unused region for 
the PMOS section is not shown in Figures 3A-3D which is assumed 
to extend beyond the limit of the graphical frame of the Figure 
3. Then, such exposed region designated by an arrow 9 in Figure 
3A, i.e. the region used for the PMOS section, is doped with Group 
III impurities such as boron by means of ion implantation. The 
mask is then removed. Accordingly, the PMOS section is formed 
on the polysilicon layer. 

Another mask is then formed by photoresist material on the 
polysilicon layer to cover a region which is not used for the NMOS 
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section, so that a region used for the NMOS section is exposed. 
Then, such an exposed region, i.e. the region used for the NMOS 
section, is doped with Group V impurities such as phosphorus by 
means of ion implantation . The mask is then removed. Accordingly, 
the NMOS section is formed on the polysilicon layer. It should 
be noted that a forming sequence of the PMOS section and the NMOS 
section is arbitrarily determined depending on the structure of 
the semiconductor device. 

A heat treatment is then applied in order to activate impurity 
ions which have been doped. An oxide film which is formed over 
the polysilicon layer 15 during the heat treatment, is removed. 

A deposition process of the nitride layer used for a gate 
mask will be described hereinafter with reference to the Figure 
3B. It should be noted that a region 15A shown in Figure 3B denotes 
a doped region with impurities. The region 15A will be used for 
the PMOS section since the region is doped with Group III impurities . 

When necessary, a layer such as tungsten silicide (WSix) 
layer 17 is deposited on the polysilicon layer 15A where impurities 
have already been doped as shown in Figure 3B. Thereafter, a 
nitride layer 19 used for a gate mask is deposited thereon by means 
of a depressurized Chemical Vapor Deposition (VCD) method using 
an ammonia gas {NH3) and a silane gas such as a dichlorosilane 
(DCS:SiH2Cl2) gas. 

During the deposition, a flow rate ratio within a deposition 
gas atmosphere in a deposition chamber should be set such that 
the flow rate of the ammonia gas is set at twenty times or larger 
than the flow rate of the silane gas, preferably the flow rate 
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ratio of the ammonia gas to the silane gas is set within a range 
of 20:1 - 40:1. That is, the nitride layer is deposited by using 
a feed gas that has properties which can react readily, and provide 
higher deposition rate of the nitride layer. Consequently, the 
amount of hydrogen remaining in the nitride layer can be reduced. 

Figure 4 is a plot showing a relationship between the process 
temperature for the deposition of the nitride layer 19 and hydrogen . 
Figure 4 is a graph showing a bonding state of hydrogen and Si 
in the nitride layer 19. An abscissa axis and an ordinate axis 
of Figure 4 show a wave number in cm"^ and an light absorbance, 
respectively. It should be noted that the absorbance is 
nondimensional since it is a coefficient to be defined relatively. 
As can be seen in Figure 4 , as the absorbance value in the ordinate 
axis decreases, the number of bonds between hydrogen and Si in 
the nitride layer 19 decreases. This means a concentration of the 
hydrogen is reduced. 

In Figure 4 , a dot line , a solid line and a dashed line exhibit 
results of bonding state between hydrogen and Si, which were 
measured in the nitride layer 19 deposited with the flow rate ratio 
of the ammonia gas to the dichlorosilane (DCS) gas at 1:1, 10:1 
and 20:1 , respectively. It should be noted that the process 
temperature for the deposition of the nitride layer was set at 
780 deg. C, and an atmospheric pressure of a deposition gas in 
a deposition chamber was 0.15 torr. As can be seen in Figure 4, 
a plot representing the flow rate ratio of the ammonia gas to the 
dichlorosilane (DCS) gas at a 1:1 ratio exhibits a trend, that 
is, the absorbance rises abruptly at an area where the wave number 
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exceeds 2120 cm"^, the absorbance reaches its peak around the area 
where the wave number is 2205 cm"^, and the absorbance abruptly 
decrease therefrom until the wave number reaches around 2290cm"^. 
Whereas, the plot representing the flow rate ratio of the ammonia 
gas to the dichlorosilane (DCS) gas at 10 : 1 and 20 : 1 exhibit another 
trend, that is, the absorbance rises abruptly at an area where 
the wave number exceeds 2120 cm"^, the absorbance reaches its peak 
around the area where the wave number is 2220 cm"^ , and the absorbance 
abruptly decreases therefrom until the wave number reaches around 
2290cm"^. It can be also seen in Figure 4 that peak values of 
the absorbance were around 0.00230 and around 0.00105 when the 
flow rate ratio of the ammonia gas to the dichlorosilane (DCS) 
were at 1:1 and 10:1, respectively, which however decreases to 
around 0.00075 when the ratio was 20:1 

According to the measurement result shown in Figure 4 , the 
rising gradient is within a wave number range between 2120cm"'^ 
and 2205cm"^ when the flow rate ratio of the ammonia gas to the 
dichlorosilane (DCS) is at 1:1. Whereas the rising gradients are 
within a wave number range between 2120cm"^ and 2220cm'^ when the 
flow rate ratios of the ammonia gas to the dichlorosilane (DCS) 
are at 10:1 and 20:1, The respective rising gradients are 
(0. 00230-0. 00025)/(2205-2120)=2. 41x10"^, 

(0. 00105-0. 00015)/(2220-2120)=0. 9 0x10*^, and 
( 0 . 00075-0 . 00005 )/( 2220-2120 ) =0 . 70x10"^ when the corresponding 
flow rate ratios of the ammonia gas to the dichlorosilane (DCS) 
were 1:1, 10:1 and 20:1, respectively. Whereas, the respective 
falling gradients are ( 0 . 00070-0 . 00230 )/( 2290-2205 ) = - 1 . 88x10"^ , 
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(0.00 045-0.00105)/(2290-2220)=-0.8 6xl0"^, and 
( 0 . 00030-0 . 00075 )/( 2290-2220 ) =-0 . 64x10"^ when the corresponding 
flow rate ratio of the ammonia gas to the dichlorosilane (DCS) 
were 1:1, 10:1 and 20:1, respectively. These results show that 
smaller amounts of hydrogen atoms remain in the nitride layer when 
the rising gradient and the falling gradient is moderate. The 
moderate rising gradient and falling gradient therefore 
demonstrate an improved reliability of the semiconductor device, 
which is a preferable result. 

As described above, it can be understood from the result 
shown in Figure 4 that the number of Si-H bonds in the nitride 
layer 19 can be reduced when the flow rate of the ammonia gas is 
larger than the flow rate of the silane gas, preferably the flow 
rate of the ammonia gas is twenty times or larger than the flow 
rate of the silane gas. Consequently, the nitride layer 19 
fabricated under the condition that the flow rate of the ammonia 
gas is larger than the flow rate of the silane gas provides the 
layer with a greatly decreased hydrogen compound content and with 
a high purity of Si3N4 . It should be noted that the ratio of 40:1 
which is an upper limit of the flow rate ratio mentioned above 
designates the upper limit of fabrication units available in the 
market. The ratio can vary depending on the capacity of the 
fabrication unit. 

Alternatively, during the formation of a nitride layer, the 
flow rate of the ammonia-based gas is from twenty to one hundred 
times the flow rate of the silane-based gas. Referring to Fig. 
5, an absorbance or an amount of absorbtion is shown in several 
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cases where the flow rates of the ammonia gas are set at 1, 10, 
20, 40 or 100 times the flow rate of the sllane-based gas 
respectively. The term absorbance denotes a measure of how much 
the light of a certain wavenumber, radiated onto a wafer with a 
formed nitride layer, is absorbed. It should be noted that the 
absorbance is nondlmenslonal since it is a relatively defined 
coefficient. The fact that the absorbance value decreases means 
the number of Si-H bonds in the nitride layer further decreases. 

As shown in Fig . 5 , it can be seen that the absorbance decreases 
as the ratio of the flow rate of the ammonia gas to the flow rate 
of the silane-based gas Increases . Now we will analyze the result 
shown in Fig. 5. When the flow rates of the ammonia gas are 
especially 40 or 100 times the flow rate of the silane-based gas 
during the formation of a nitraide layer, the maximal values of 
the absorbance for each case are approximately 0.0005 or 0.0003 
respectively. Additionally, when the flow rate ratios are 
especially 40 or 100, the gradients of plot lines for each flow 
rate ratio in Fig. 5 are approximately 7.14E-06 or 4.30E-06 
respectively. The gradients of those plot lines show that the 
absorbance decreases as the flow rate ratio increases. Thus, we 
can recognize that the number of Si-H bonds in the nitride layer 
decreases as the flow rate ratio of the ammonia gas to the 
silane-based gas increases . Therefore , the amount of the hydrogen 
existing in the nitride layer can be reduced. 

A patterning process of the gate mask will be described 
hereinafter with reference to the Figure 3C • A resist layer 21 
is formed on the nitride layer 19 by means of a photo-etching 
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technique so as to be fabricated in an arbitrary pattern as shown 
in Figure 3C. Thereafter, the patterning is carried out on the 
nitride layer 19 as a priming layer so as to form the nitride layer 
19a as a gate mask. The resist layer 21 is then removed, thereby 
keeping the nitride layer 19a as the gate mask. 

A patterning process of the gate electrode will be described 
hereinafter with reference to the Figure 3D. A region of the 
tungsten silicide layer 17 and the polysilicon layer 15 which are 
not covered by the nitride layer 19a as the gate mask are removed 
by etching as shown in Figure 3D. 

As a result, a gate electrode 23 is formed as a multi layer 
body, comprising the tungsten silicide layer 17a fabricated in 
an arbitrary pattern and the polysilicon layer 15a fabricated in 
an arbitrary pattern. 

As described above, in the second embodiment, the amount 
of the hydrogen atoms that will be combined with the dangling bonds 
of the nitrogen atoms and silicon atoms can be suppressed , by setting 
the flow rate of the ammonia gas at twenty times or more than that 
of the silane gas during the deposition of the nitride layer. As 
a result, the semiconductor devices having constant threshold 
voltages Vt with respect to each device can be provided in 
fabrication of the semiconductor devices. 

In the second embodiment, an ammonia gas is used as one of 
the feed gases for the deposition of the nitride layer similar 
to the first embodiment. As described above, the ammonia gas has 
properties of decomposing easily, ease of use, readily reacting 
and a higher deposition rate in depositing the nitride layer. As 
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a result. It is not necessary to generate plasma in depositing 
the nitride layer according the second embodiment, thereby the 
semiconductor device can be fabricated by simple facilities. 

In addition to using the ammonia gas having a higher 
deposition rate, a process temperature for the deposition of the 
nitride layer is set at a high temperature in the second embodiment 
similar to the first embodiment. As a result, the nitride layer 
can be deposited at a higher rate in the second embodiment , thereby 
the semiconductor device can be fabricated within a short period. 

Moreover, it is not necessary to use a high process 
temperature when depositing the nitride layer in the second 
embodiment . Accordingly, the spreading of impurities such as boron 
and phosphorus in such a diffusion layer can be suppressed to a 
significant extent as compared with the first embodiment. 

It should be noted that the aforementioned description has 
been made based on the assumption that the polysilicon layer is 
doped with impurities, however, a similar description can be made 
when an amorphous silicon layer is doped with impurities. 

The present invention described above has an effect of to 
providing semiconductor devices having a constant threshold 
voltages Vt with respect to each device in fabrication of the 
semiconductor devices . 
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